Near infrared reflectance spectroscopy (NIRS) has become increasingly used as a rapid and accurate method of evaluating some chemical compositions in forages and feedstuff. This study was carried out to explore the accuracy of near infrared spectroscopy (NIRS) for the prediction of chemical parameters of fresh whole crop barley silages. A representative population of 284 fresh whole crop barley silages was used as a database for studying the possibilities of NIRS to predict chemical composition. Samples of silage were scanned at 1 nm intervals over the wavelength range 680~2,500 nm and the optical data were recorded as log 1/Reflectance (log 1/R) and were scanned in fresh condition. NIRS calibrations were developed by means of partial least-squares (PLS) regression. NIRS analysis of fresh whole crop barley silages provided accurate predictions of moisture, acid detergent fiber (ADF), neutral detergent fiber (NDF), crude protein (CP) and pH, as well as lactic acid content with correlation coefficients of cross-validation (R 2 cv) of 0.96, 0.81, 0.79, 0.84, 0.72 and 0.78, respectively, and standard error of cross-validation (SECV) of 1.26, 2.83, 2.18, 1.19, 0.13 and 0.32% DM, respectively. Results of this experiment showed the possibility of the NIRS method to predict the chemical parameters of fresh whole crop barley silages as a routine analysis method in feeding value evaluation and for farmer advice.
.
INTRODUCTION
Whole crop barley silage is important forage in cattle feeding programs, not only in winter rations but also as supplement during the grazing period in Korea.
Round bale silage is relatively a new method of preserving forage in Korea. Silage is the material produced by the controlled microbial fermentation of a crop of high moisture content in a process known as ensilage. Quality of silages is commonly evaluated on the basis of their pH, NH3-N and concentrations of certain short-chain organic acids.
Compared to traditional chemical analysis, near infrared reflectance spectroscopy (NIRS) is rapid and cost efficient, without the destruction of samples and the use of hazardous chemicals. To increase the utilization of NIRS in forage field, sample preparation methods is very important.
Analysis of feeds and silages by NIRS traditionally involves the drying and milling of the sample. In the case of wet silage samples, heat drying could result in losses of volatile substance (McDonald et al., 1991) .
Using NIRS directly on undried silage would increase error by difference in sample particle size, temperature and water content. These problems can be overcome by grinding silages in frozen state with dry ice or liquid nitrogen, but such a procedure is time-consuming and inconvenient due to cleanup required between samples and the need to thaw the sample for subsequent use (Park et al., 2002; Reeves et al., 1989) . Also, advances in chemometrics software, spectral data transformation for scatter correction and partial least squares regression have minimized some of the interference of particle size variation and water absorption presented by wet silage samples (Baker et al., 1994; Gordon et al., 1998; Shenk and Westerhaus, 1995) .
Although prediction of composition of dried samples has been carried out for a number of years, the direct analysis of undried silages by NIR spectroscopy has the major advantages of reducing time of sample preparation and of reporting the results (Kennedy et al., 1996; Dela Roza et al., 1996; Shenk and Westerhaus, 1995 Prior to NIRS scanning of the fresh samples, the silages were thawed at 4 and cut in pieces of 3 to 5 cm in order to be packed easily in the sample cell. A subsample of each silage was dried in a forced-air oven at 65 for 78 h and milled to pass a 1 mm screen for subsequent chemical analysis.
NIRS scanning and statistical analysis
All work was performed on a NIRS system SPECTRASTAR TM 2500 (Unity scientific, USA). The fresh silage samples were packed in a rotating circular quartz cell of 10cm diameter.
Each of the 284 silage samples was scanned as log 1/R over the wavelength range 680 to 2500 nm at 1nm intervals and the average spectrum was recorded.
The mathematical treatment of the spectral data was performed using UCAL software (Unity scientific, USA). NIRS calibrations were developed by means of partial least-squares (PLS) regression (Shenk and Westerhaus, 1993) .
The following mathematical treatments were applied separately and simultaneously and then compared for choosing the best treatment combination: smoothing, derivative, standard normal variate and detrend (SNVD) and normal multiplicative scatter correction (NMSC). Crossvalidation was carried out to select the optimal number of terms in the equation, so avoiding overfitting.
The mathematical treatment (1, 8, 8 ,1) applied was, where the first number indicates the order of derivative, the second number is the gap in nm over which the derivatives is calculated, the third number is the number of data points used in the first smoothing, and the fourth number refers to the number of nm over which the second smoothing is applied. Calibration statistics calculated include the standard error of calibration (SEC), the coefficient of multi determination in calibration (R2), and the standard error of crossvalidation (SECV). The optimal calibrations were selected on the basis of minimizing the SECV. Fig. 1 . Two group of peaks were observed in the spectra of fresh barley silage samples, which provided abundant information for calibrations.
Wet chemical analysis
There were two apparent peaks at about 1,410 and 1,900 nm, which may be attributed to the absorption by water in fresh silage samples. It was concluded that the physical state affected the NIR spectra of silage. 
Silage composition

NIRS predictions
The statistics of the calibrations with the lowest SECV on the whole data set and those of the corresponding calibrations on the calibration set are given in These results are comparable to or are a little poorer than those in the studies on fresh grass silages reported by Park et al. (1998) and Sinnaeve et al. (1994) .
The calibrations for NDF and pH have a SD/SECV ratio greater than 2.5, indicating that they are adequate for screening. For moisture, the ratio is even higher than 5.0, making this calibration suitable for quantitative analysis. On the other hand, the ratio is lower than 2.5 for ADF, CP, crude ash and lactic acid, which means that these calibrations Although NIRS analysis of fresh silages is less accurate, it is more convenient to use fresh than dried samples, allowing rapid prediction of the composition onsite without drying losses (Reeves and Blosser, 1991 
